Osteopontin regulation by inorganic phosphate is ERK1/2-, protein kinase C-, and proteasome-dependent.
The generation of inorganic phosphate by alkaline phosphatase during osteoblast differentiation represents an important signaling event, although the molecular and cellular consequences are currently undefined. We have previously described osteopontin as a gene regulated by an increase in inorganic phosphate not only in osteoblasts but also in other cell types. We describe here the identification of specific signaling pathways required for the stimulation of osteopontin expression by inorganic phosphate. We have determined that phosphate selectively activates the extracellular signal-regulated kinase (ERK1/2) signaling pathway but does not activate the other mitogen-activated protein kinase signaling proteins, p38, or the c-Jun N-terminal kinase. In addition, our results suggest that cellular exposure to 10 mm inorganic phosphate causes a biphasic ERK1/2 activation. The second ERK1/2 activation is required for osteopontin regulation, whereas the first is not sufficient. Analysis of common protein kinase families has revealed that phosphate-induced osteopontin expression specifically uses a protein kinase C-dependent signaling pathway. In addition, our results suggest that protein kinase C and ERK1/2 are not part of the same pathway but constitute two distinct pathways. Finally, we have determined that the proteasomal activity is required not only for phosphate-induced expression of osteopontin but also for the induction of osteopontin in response to 12-O-tetradecanoylphorbol 13-acetate and okadaic acid. The data presented here define for the first time the ability of increased inorganic phosphate to stimulate specific signaling pathways resulting in functionally significant changes in gene expression and identify three important signaling pathways in the regulation of osteopontin.